Purpose Facet tropism is defined as asymmetry between left and right facet joints and is postulated as a possible cause of disc herniation. In the present study, the authors used a 3-T MRI to investigate the association between facet tropism and lumbar disc herniation at a particular motion segment. They also examined whether the disc herniated towards the side of the more coronally oriented facet joint. Methods Sixty patients (18-40 years) with single level disc herniation (L3-L4, L4-L5, or L5-S1) were included in the study. Facet angles were measured using MRI of 3-T using the method described by Karacan et al. Facet tropism was defined as difference of 10°in facet joint angles between right and left sides. Normal disc adjacent to the herniated level was used as control. We also examined if disc herniated towards the side of more coronally oriented facet. Results Twenty-five herniations were at L4-L5 level and 35 at L5-S1. Statistical analysis was performed using the Fischer Exact Test. At L4-L5 level, 6/25 cases had tropism compared to 3/35 controls (p = 0.145). At L5-S1 level, 13/35 cases had tropism as compared to 1/21 controls (p = 0.0094). Of 19 cases having tropism, the disc had herniated towards the coronally oriented facet in six (p = 0.11). Conclusion The findings of the study suggest that facet tropism is associated with lumbar disc herniation at the L5-S1 motion segment but not at the L4-L5 level.
Introduction
Asymmetry of facets (tropism), especially if it is marked, is a subject of intense interest because it has the potential to markedly alter the biomechanics of lumbar spinal movements and precipitate early degenerative changes either in the joint or adjacent intervertebral discs contributing to back pain [1] . Brailsford [2] defined facet tropism in 1928 as asymmetry between the left and right vertebral facet joint angles with one joint having a more sagittal orientation than the other does. In the past, there has been much clinical research relating tropism with degenerated apophyseal joints and low back pain [3] [4] [5] [6] [7] .
Farfan and Sullivan [4] first suggested the correlation between facet tropism and development of lumbar disc herniation. They suggested that asymmetry of the facet joints is correlated with the development of disc herniation, because the coronally facing facet joint offers little resistance to intervertebral shear force, so the rotation occurs towards the side of the more coronally facing facet joint, and this possibly leads to additional torsional stress on the annulus fibrosus. There are numerous arguments for and against this hypothesis [8] [9] [10] [11] [12] [13] [14] [15] [16] . A correlation between facet asymmetry and the side of disc herniation (sagittal or coronal) is also debated [4, 12, 13, 17, 18] .
Masharawi et al. [19] found asymmetry in facet orientation to be a normal characteristic in most thoracic vertebrae but not in the lumbar ones. They suggest, however, that when asymmetry in facet orientation occurs in lumbar vertebrae, it may be related to pathologic conditions [19] .
Incidence of facet tropism in the lumbar motion segments varies from 10 to 70 % [20] depending upon the criteria used for defining it. However, considering a cutoff of more than 10°, facet tropism has been found to be present in 14-28 % of lumbar motion segments [10, 21] . Although mean facet asymmetry increases from L3-L4 segment to the L5-S1 segment, the distribution of facet asymmetry at these levels has not been found to be significantly different [21, 22] .
In the present study, the authors attempt to determine whether there is an association between facet tropism and the occurrence of lumbar disc herniation at that motion segment. In addition, an association between facet asymmetry and the side of disc herniation (sagittal or coronal) was also investigated.
Materials and methods
Sixty patients between the age of 18 and 40 years with single level lumbar disc herniation (L3-L4, L4-L5, or L5-S1) were included in the study. These patients underwent either conservative or operative treatment for their radiculopathy. Exclusion criteria included patients with multiple or recurrent disc herniation, associated spondylolisthesis, spina bifida, transitional vertebra, scoliosis, previous surgery, previous trauma/spinal infection, significant facetal arthropathy.
All patients presenting with typical symptoms suggestive of lumbar disc herniation such as low backache and sciatica were subjected to magnetic resonance imaging (MRI) as in the normal course of treatment (conservative or operative). An informed consent was taken from the patients for using the MRI data for the study. MRI was performed with a 3-T [(Signa HDxt) GE Healthcare] in all patients.
The slice thickness used was 4 mm. The axial images were taken parallel to the end plate. A herniated disc was considered an extrusion (mainly focal) of disc material beyond the osseous confines of the vertebral body, resulting in the displacement of epidural fat, nerve root, or thecal sac.
MRI axial T1-weighted image on which left and right facet joints was best visualized were obtained on X-ray film with at least 80 % magnification and reference lines were directly drawn on X-ray films. Angular measurements were made to the nearest half a degree. The measurements were made manually using a goniometer. Facet line was drawn between the anteromedial and posterolateral edges of the superior articular facets bilaterally. Midsagittal line was drawn passing through the centre of the disc and the centre of the base of the spinous process, dividing the vertebral body into two equal halves (AO = OB). Facet angle was measured for each side as the angle between facet line and mid sagittal line (Fig. 1) .
Two orthopaedic surgeons measured the facet joint angles independently. Mean was taken as the true facet angle to minimize observer bias. Difference between right and left facet angle was recorded. Facet tropism was defined as the difference between the angle of the right and left facet more than 10°.
Normal disc adjacent to the herniated level was used as control (i.e. for L3-L4 disc herniation L4-L5 served as control, for L4-L5 disc herniation L5-S1 or L3-L4 served as control, for L5-S1 disc herniation L4-L5 served as control).
Statistical analysis
Observations were recorded in a standard Performa and a master chart was made of all the observations. Fischer Exact Test was utilized to determine the statistical significance of categorical variables; p \0.05 was considered significant. The statistical analysis for whether the disc herniated more towards the coronal or sagittal side was performed using the test for one proportion.
Intra Class Correlation Coefficient was employed to determine the reliability/agreement between the two observers for the measurement of facet angle. A power analysis using SD of tropism measurements was performed using the t test. The data were analysed using SPSS statistical Software SPSS version 16.0.
Results
Out of the total 60 cases of disc herniation (all being posterolateral), 43 discs herniated towards left and 17 herniated towards right side.
The mean age of our patients was 33.82 ± 7.87 years (range 18-45). The intraclass correlation coefficient was found to be 0.958 which shows good agreement between the two observers for facet angle measurement.
The maximum number of HNP were at L5-S1 (n = 35), while no case of HNP was seen at L3-L4. The maximum number of controls were at L4-L5 (n = 35), followed by L5-S1 (n = 21).
Overall association of facet tropism in cases (HNP) and control group at all three levels Nineteen of the 60 cases (HNP) had tropism while only four at the control level did. The overall association of facet tropism with lumbar disc herniation was found to be highly significant by Fisher (Table 2) .
Power analysis of the study using SD of tropism measurements yielded a power of p = 0.848 which is practically significant [23] .
Coronal or sagittal orientation of facet joint adjacent to side of disc herniation Of those patients who had a HNP with facet tropism, it was determined whether the disc had herniated on the side of more coronally or sagittally oriented facet joint. Analysis revealed that the disc had herniated towards the sagittally oriented facet in 13 of the 19 cases who had tropism. This was found to be statistically not significant using test of one proportion.
Discussion
There are numerous studies regarding the relationship between facet joint orientation and lumbar disc herniation [4, 9, 10, 12, 13, 16, 20, [24] [25] [26] [27] . Asymmetrical facet joints are considered to be of importance as a cause of lumbar disc herniation by some authorities [4, 9, 24] , while others report that facet tropism has no relevance [3, 12, 16] .
Farfan and Sullivan [4] first suggested the correlation between facet tropism and development of lumbar disc herniation. Since then, various studies have yielded conflicting results concerning the association of facet tropism and intervertebral disc disease.
In 1980, Cyron and Hutton [24] postulated that tropism could lead to instability with joints rotating toward the side of the most oblique facet. Van Schaik et al. [25] were the first to use CT scans to address this issue. They measured facet asymmetry in 100 patients with backache or sciatica or both. In cases where there was less than 11°of asymmetry, there was an equal distribution of herniation to the side of both the more coronally oriented and more sagittally oriented facet joint. With greater degrees of asymmetry, there was a greater incidence of unilateral disc protrusion towards the side of the more coronally oriented joint. Noren et al. [9] also concluded that facet joint asymmetry is a risk factor for the development of disc degeneration and herniation at all lumbar levels. More recently, Karacan et al. [20] in their study concluded that patient with lumbar disc herniations had the asymmetry of facet joints and that these alterations were more evident in taller patients.
In contrast, other studies have suggested that facet tropism has no clinical relevance. In 1981, Adams and Hutton [11] performed a biomechanical analysis and concluded that axial torsion was not important in the development of lumbar disc herniation. Ahmed et al. [28] showed that facet orientation has no effect on axial torque-rotation response in the lumbar spine. Regardless of their orientation, the facet joints act as a positive barrier to axial rotation. Hagg and Wallner [13] and Cassidy [12] found no clear evidence that facet asymmetry is strongly associated with lumbar disc herniation. Vanharanta [16] suggested that there was no association between facet tropism and lumbar disc diseases including herniation and degeneration. Another study by Lee [27] showed no significant difference in facet tropism between the herniated and normal disc in both the adolescent and adult groups, except at the level L4-L5 level in the adults. In a cross-sectional study by Kunakornsawat [26] using MRI as the modality to measure the association, no statistically significant correlation was found between facet tropism and lumbar disc herniation.
The current study showed an overall statistically significant association of facet tropism with lumbar disc herniation. However, analyzing each level separately, an association of facet tropism with lumbar disc herniation was found to be statistically significant at the L5-S1 level but not at the L4-L5 level.
Anteroposterior (AP) shear of the intervertebral joints typically occurs as a motion coupled with flexion- Fig. 2 a 39 -year-old patient had a left sided disc herniation at L5-S1. The L4-L5 disc served as control. b The axial image shows the presence of facet tropism at the level of disc herniation, with the disc herniating towards the side of the sagittally-oriented facet. c The axial cut at the level of the L4-L5 disc (control) shows that the facets are symmetrical extension, such that flexion from an upright stance causes an anterior shearing motion of the superior vertebra (olisthesis), and extension causes a posterior shearing motion of the anterior vertebra (retrolisthesis) [29] .
During sagittal movements of the spine (i.e., flexion/ extension), the articular facets of the zygapophyseal joints glide (i.e., translatory motion), as it is the case in any synovial joint [30] . Masharawi et al. [30] have explained as to how tropism in facet dimensions (length as well as inclination) may convert this uniplanar movement into a complex multiplanar movement. Fig. 3 a 35 -year-old male patient had a right sided herniated disc at L4-L5, the L5-S1 level served as control. Axial cuts b, c show symmetry at both the control and HNP levels For example, during sagittal spinal movement (flexionextension), the more coronally orientated (C) facet joint will restrict the movement of the joint in the anteroposterior plane (Fig. 4a) leading to automatic rotation along the more sagittally oriented facet (S) (Fig. 4b) .
Therefore, facet asymmetry could lead to a combined movement in the spine whenever the facet joint moves. This might lead to automatic rotation during spinal movement [30] .
Whilst torsion alone may not pose a threat to the structural integrity of lumbar intervertebral discs, it appears to have a marked effect when applied in conjunction with flexion [31] .
The combined action of flexion and torsion has been found to shift the nucleus posterolaterally in an asymmetric fashion, such that during flexion plus left axial rotation the nucleus is pushed against the right posterolateral annulus [32] . Using finite element analysis, Schmidt et al. [33] found that under this same loading combination, flexion plus left axial rotation, the fibres of the inner right posterolateral annulus experience the largest shear strain. Various biomechanical studies have demonstrated that the combination of flexion and torsion is capable of producing injury to the posteriolateral annulus [31, 34] .
The L4-L5 interface is subjected to very little anteroposterior shearing force as compared to the L5-S1 level. There are two reasons for this. The increased inclination at the L5-S1 level leads to a larger component of anteroposterior shear force [35, 36] . (Fig. 5) .
The other reason is that the beneficial role of lumbar extensor muscles in reducing the anterior shear force at L4-L5 does not hold true for the L5-S1 level, where the muscle forces generate shear forces in the anterior direction adding to those due to external load/gravity [36] [37] [38] .
Thus, facet asymmetry at a level, which is acted upon by a larger anteroposterior shearing force, could lead to more torsion at that motion segment, thereby causing injury to the annulus fibrosus and therefore disc herniation.
We used the normal disc adjacent to the herniated disc as control. Various authors have done the same in the literature [9, 12, 20, 27] . In cases of L4-L5 herniations, the adjacent (nonherniated) L5-S1 levels were scanned and compared with the same level in the patients with L5-S1 herniations. This process was reversed for cases with L5-S1 herniations. Thus, the 35 L5-S1 disc herniations have been compared to the 21 L5-S1 normal discs. Since the L5-S1 level has similar forces acting on them, we believe it is justified in comparing L5-S1 disc herniations with L5-S1 controls and similarly for the L4-L5 level.
Although facet tropism means asymmetry of the right and left facet joint, a motion segment angle difference has been variously defined. Noren et al. [9] defined facet asymmetry as a bilateral angle difference greater than 5°. In one biomechanical study [24] , facet asymmetry was defined as a difference in facet angles greater than 1°. We defined facet tropism as the bilateral angle difference greater than 10°. Other authors have also used a cutoff of 10°for defining moderate/severe face tropism [10, 21] . We believe that 10°is the ideal number for defining tropism as a smaller cutoff, e.g. 1°or 4°could introduce a measurement bias (whether there is actually tropism or just measurement error) as well lead to inclusion of a much larger number of motion segments, while a larger cutoff, e.g. 15-20°, would be present at very few levels.
In clinical studies, Farfan and Sullivan [4] and Loback [17] found a high association between the side of disc herniation and the coronally facing facet joint. 5 The weight of the body (P1 or P2) can be broken down into component of compression perpendicular to the intervertebral disc and a component of shearing (C1 or C2). The shearing force is small at the L4-L5 level and much greater at L5-S1
On the other hand, Hagg and Wallner [13] and Cassidy [12] found no difference in the distribution of the more coronally or sagittally facing facet joints with respect to the side of lateral herniation. Kénési and Lesur [18] showed a correlation between facet asymmetry and the side of disc protrusion in the L5-S1 segment, which however was not present in the L4-L5 segment. They had found in their study that herniation is on the side of the more sagittal facet joint interface in three quarters of cases.
We did not find any significant difference in the distribution of the more coronally or sagittally facing facet joint with respect to the side of disc herniation. However, the number of cases where there was a significant tropism associated with a herniated disc at the same level was only 19 in our study. Though the trend in our study suggests an increased incidence of herniation towards the sagittallyoriented facet (13 out of 19), it was not statistically significant. This may be due to a smaller number of cases with asymmetry more than ten degrees. We feel that it is difficult to categorically say that there is an increased occurrence of disc herniation on the side of the more coronally or sagittally oriented facet due to the small number of such cases in our study.
The increasing obliquity of the facet joints towards a coronal orientation at more caudal levels as we have found is consistent with other published reports and clinical experience. The consistency of our measurements (good agreement between the two observers; ICC 0.958) is probably because we used 3-T MRI which improves visualization of anatomic structures (including facet joints) over 1.5-T MRI [39] .
Shortcomings of the study
The number of cases where there was positive tropism at the level with the herniated disc (n = 19) was small, hence it is not possible to categorically say if there is an association between the side of disc herniation (coronal or sagittal) or not.
We also used the normal disc adjacent to the herniated level as the control group. It would be best if the controls were obtained by performing MRI for asymptomatic individuals.
